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Statisties released vy the icc eream industry (7), in« 
Akeate that 548,046,000 gallone of lee erean wore mane 
factured in the United States during the yeur 1925, sxports 
and imports of iee cream betng negligible, the coneunption 
of lee cream during thie yeor was equal to the gallonacoe 
menufactured. 

Production for 1922 was 5.7 per cant greater than dure 
ing the year 1927, The per capita consuaption azounted to 
2.9 gallons in 1009 as comparcd with £85 gallons in 1927, 
In 1010 the per capita consumption of fee cream we 2,14 
q@allons. During the ten yoars from 1916 te 1960 this has 
inereseod 35.5 por cent. 

lee cream te commonly cade up of milk products, suger, 
stubiligers anf flavoring material. According te Turnbow 
ant Eaffette (16),°probably 00 rer cent of the stabilizer 
now used ie gelatin." Based on the previous s€atenont, and 
ealeulating the gelatin ac .8 of one per cent, the overrun 
ae 200 per cent, the iee erean industry annually usee over 
seven million pounds of gelatin. 

The purposes of milk preducte in ioe eream sre to fure 
nish both butter fet and solids not fat. Im 1929 (7) 
nearly 2,000,000 pounds of condensed milk me usod in order 
to furnich the bulk of the solide not fat, 


Gelatin eo a atebiliser eonts the industry over 
(%,000,000 anmmliy. One phage of this preject desks with 
the possibility of using inprowed methods of mamfuctmre 
 Nagufecturere are attempting to anit gelatin, comercie 
ally, since the public im the early yoare of the ico cream 
intustry wae prejudiced against the une of gelatin. Sono 
tee oreem mkere are increasing the total solide content of 
their ice orean or are using superheated condensed milk in 
an atterpt to eliminate coletin. 

“ Supethented coniensed milk is a product of the meau 
pan, heated after condensing to a tenperaturs of 190% 190° 
for a pertod of eight to ten minutes, by the introduction 
of Live steam, Guoh trontuent results im a heavy viscous 
product, due to the precipitation of the colloidal albunen, 
naturally prement tm éainy producte, Peterson and Treey (20) 
eay that “The altumen carries with it ali of the ensein.” 
teins offers the poopibility that albawsn precipitated by 
heat, my successfully serve as the etabiliner of the lee 
¢recm mir. . 

REVIEY OF LITSRATORE 


Geletin is commonly weed ac ome of the ineredtents of 
idee oream, primarily because of ite otabilining effect on — 


the water of the 1¢0 Grea mix, It to true that the maner 
in which goletin te mumfactured at the present tine ts 
above eritioiem. Dounay (2) has proved that gelatin is 
high in food value. Ueverthelees, menufacturers and investie 
gational vorkere are attexpting to onit gelatin fron their 
predict and gusstitute methods of manufseture for it. 
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te being uned in sume sections of the country instead of 
gelatin, ‘the mnufasture of this produet neseseitates the 
use of the wouum peme The Voouum pan was uned to some axe 
tent in the manufacture of Loo oreom mizes prior to 1029, 
Grose (1) states thet at thie time the leading lee erean 
comufacturers began to uss thie uethed of mix namufscture 
quite commonly beseuse of the economy tavolvod. 

the entire ice crew aix veo developed ond patented ty 
Mojommier Brothers of Chfeago, Illinois, The inventors 
Slaimed thet the mix could be more cheaply made in this 
MAnHer, GS Gli cerun solids and nest of the fet could be 
segured from whole milk, which is reeomized as one of the 
oheepest sources of serum solide, 


Petergon ant Traey (20) carried on none investigntions2 


studios relative to cendensine the entire mix durins the 
sane yor in which “oejonnier Srothers received their patent. 


RS e. 
They reported thet tho mamufeeture of tho entire iz in the 
waouun pon was producive @ & high alace mix, so voll ae 
sconomicsl, They, too, pointed out the ponaibilitics of — 
Using whole milk or skin milk as the source of serun solids. 

Pastoriclegioal etudles nade vy Peterson ond Traey (10) 
after condeneing, wae in every cage below 20,000 whieh ic 
considered rood. Mowever, they preheated to « temperature 
‘of 190% 290°P, which in iteelf woulé eecomt for the dese 
trustion of « majority of the organims present in “he initia) 
mite. 

Olsen and Yay(®) have chown that it is eneily possible 
t Limit the becteria count in on fee cream mis te 100,000 
or lees per eubie centineter, depending lerrely on the care 
ané sethots of proecssing., Condensed milk cue Listed os cn 
important source of bacterin contamination in some cases. 

Tm 1088, Teaey (13) mace on extersive etpiy of the use 
of pupcrhested and unsupsrhented plain condensed skim milk 
an See erenn mixes, The superkectine process was ccrried 
out dy heating sone of the plain condensed skin atlt to a 
temperatare of 20S%190%, ror a perted of five to fifteen 
minutes until it thickened. Se cives os « reason for the 
thickening (sometines called “liver")} coagulation of the 
albumen, due to hout. ‘the aggregation of the fincly divided 
albumen perticles curried with it all of the onsein, ‘tmey 


deans Shi the ‘enoestentes MupinnO® 482% shen caet in oh 
See cream mix, produced a mare vinoous mix which whipped 
more readily to e higher overrun than @i@ « like nix cone 
telning ungeperhested condensed skin mfik. The foo cream 
containing the superheated sondensed skin milk poeceseed a 
peretures then 414 the lee oresm containing uneuperhested 
condense! skin milk. Uovever, the latter ha¢ « superior 
initial flever whieh ue retained better in etomes. 3 
T™! the work Just efted, gelatin was commonly used, but — 
gvedually {t han Deon the ten¢eney to use superheated cone 
@onnet nil and entt gelatin, ‘The main feetor in the ine 
Greased Viscosity of nixes containing superheetet condensed 
milk ie the precipitation of the sollotéal protein, albunen, 


- which in maturelly present tn wilk, /2immen mikes up about 
80 per cent of the protein found nowmslly in eows' ndik, 


It ia precipitated wy hast at temperatures above pertourie 


pation in o finaly divided stete, <dbuen has im common 
 MeeyeSt the properties whieh colatin possesmes, in that doth — 


are colloids of protein origin. Nowerer, albumen ic an 
isreversitle colloid while ¢olatin, according to Curmbow end 
Riiner (26) te the most typical example of « reversible 


colloid. The presence of elther in a mix, when the albumen cee 
hae been presipitated, reeulte in « heavy, vieoous mix, dee 


pending on amount and metheds of processing. tovk done at 


Tiiieeie by Tracey (18) shown Pint «mix sontatsine onpun 

heated confensed milk cave the eppesranse of evince o higher 

total solide content than £8 aeteatly contained ty tect. 
vkether a nix te rehomogemtead, the texpersture et 

of adie: pelatin an¢ sogiky, sll effect the fine) viscosity 

of the mix, ab shom by Rot@ anf Sete (22) of Mieeourt and 

Monies (4) of Mew Yor. 

Doan (8) found thet homerentmntion desresnet the ste= — 
DtLity of the proteins of Meiry finite, expecially hon tat 
and with the cfftefeney ef homerentzation. Me fou? that } 
then tho Pula or slam thereof me hented prior to homgee 
feetor which effects the protein stability te the amount of 

 Sedb ant Holm (17) stu@iet the effect Gifferent honoge« 
nizing presmaree ané foremamiine temperstures exert on the 
etebtlity ef sweet cream, tm which they fount thet an ine 
oreese in hoaegenisine preaseres “ocreseed the time of the 4 
eongulation period an measured at 190°C, ‘They, sico, stated a 
to etabiliae the proteins, The temperature which they roe 
area but sonmhat lower, 74 Ce, gor eream thet had been 


e 
in viseosity due to hicher homegesising pressures ms 
attended by « cream thet me more likely to “feather,” 
Sean's work agrees closely with these investigators. 

Nok and cosuprkers (5) showed thet tine ani texperature 
of coagulation we increased in the ease of evoporsted skin 
milk an the concentration was increased. From this work he 
developed q fommiln with whieh he wes able to enleulnte the 
tine and tonperature ef coagulation of an evaporated milk 
of known concentration from an evaporeted milk in which the 
concentration and tine and temperature of coagulation wore 
imowtts He, ales, found that the tine and temperature of 
coagulation were ineressed on the fat concentration increased 
in whole milk, hie me aseribed to the fact tint fat had 
the ability to absorb hoot to a greater extent then milk 
serun, ‘ 

Sehle an@ co-workers (11) condensed ice orean nixes én 
vaeuo to contain @ouble the normal oolid content, omitting 
the gelatin. ‘hese mixes vere stored at teuperstures of 
of%., W°r., and voon tenperatures. Such mixes had oxeele 
‘lent keeping qualities due te the hich eoneentration of 
suerose and lactone, Those mixes stored at O°, mide exocle 
lent ieo cream after six months sterage, Those stered at 
40°F, wore slichtly tollowy but onleable after six monthe, 
while these stored at room temperatures for six monthe vere 
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not usable. 4 heavy preoipitate of lactose crystals sccurred 
tm all samples, tut whom afduted with on equal voluw of 
water to adjust easposition, paeteurized and homocenized 
they were dissolved. Gelatin eae addod after aterage snd 
defore processing. 11 mimes frome nommlly. 

orens for use in mixes, fe found thet « mix candensed tuo to 
one, can be satisfactorily stered at soon temperature for ao 


feu anya, although a tenperature of 40°F, or lover ts better, — 


Gash e mix ean be stored at aubsero temperature for a pericd 
of three monthe, Storage of higher temperatures is not ée« 
atrable and to further states thet all mixes to be stored 
should be hept fyee from copper and ison salts. 

In thie sane experinent be found that oream could be 
suecesefully etored in a frozen otete for at least three 
months, However, it ehould be of high quality, pastourized, 
high in fot concentration, should met be allowed to came tn 
contact with copper or iron, and showld be stored in closed 
sontainers at « temperature of O°r, or lover, 


Proparation of Mixes 

Bunber of Kime unde. ‘This oxperinent conpistod of 
eight series of tee ercan mixes, totaling 48 individual 
nizes, 58 of which wore uade partially or wholly in a Rogerts 
VYoowm pan, Your mixes were not mde in the wmeuws pan, but 
were prepared in a coll wat for the purpose of comparing it 
with cen@ensed mixes, which wore not superhestod. 

he condense’ nix in each series was taken as the chook 
mit. Im all studies two series of mixes wore used an checks 
againet each other. Series 4 ami 3, for exegile, wore cal» 
eulated to be exactly the seme and to be composed of prow 
duets which were identical. 

The cight series of mixes were designate? «iphabeti«~ 
eally fron A te H inclusive. 4 preliminary mix was con- 
Geneed and superheated in order to fumilerize cureelves with 
the contemplated project. to freesing data was secured in 
this trial, It i not further mantioned or used in thie 
exporinent, 

Somposition. 411 mixes wore calculated to contain 12 
per cent fat, 10 per cent serum solide, 15 per cont suger 
and then peletin mas weed, .3S of one per cont. 

inpredients Uset in the Sizes. Ingredients used in 
the mixes wore raw eresom, raw akin milk, butter (unsealted), 


and ewar. Gelatin wa teed in some of the mixes ani 
omitted in other mixes, Tho ealeulate! total solid content 
was 37.55 per cent chen gelatin wae used end 57 por cent 
then omitted. ) 

In « fee oases comparisons wore made with sizes mule 
in the ususl manner weing the ingredients Listed stove, ox 
sept thet okt tlk powler, susetened comiensed sicin milk or 
plain confensed skin milk were unsd, to obtain the mjer 
part of the serum solids. 

Epoeessing the iz. LS Er 
then quickly dram into the wmeuwun pan, condensed below the 
econsentration desired in order to allow for the moisture 
atded Curine the superheating process, In a fow onsos 
heatinge 4 fow of the mixeo were not homorcanized. 

Yee of the Yeouws Zon - superhenting. 11 series were 
prepared in a Noger*s vacwi pon under 86 to 27 inches of 
yvooumm, The temperature within the pan during ite operation 
renged from 116° te 190°, imeh series me divided inte 
thres or mere 46 pound mimes, ‘he condensed mix was used ss 
the comtrol mix, ‘The reminine mimes were superheated ct 
éifferent temgeratures ani for varying lengthe of time, with 
or without surpar. | | 

Superheating ie s heat treatment, aceomplished by 
praising the comlonsed milk from condensing temperatures 


| : a 
{120% 1s0°F to 120% 190%%,) by the introduction of Live . 
ateam directly imto the mili, ‘The intense heat causes the 

oF increase in vincostty, whteh 4¢ commonly roferre? to es 
*Liver.” * ae 

hested in the tucwm pane Afber contenesing, the nix ms 

Gelatin. “hen golatin ws used {t wan put in solution 
and added to the aia after euperheating. The wmter ased in 
Aiecolving the gelatin ansisted in stan@créisine the miz to 
the desired compost tion. 

Tize of s@Aing oump and Colstin. In threo sorties the 
entire mix was superhented. In the remining series tho 
auger and geletin wore ofded after superheatine end before 
hosepenteation, ‘thie gvoesdure ees followed in oréer to 
etudy the effect of the heat treatment on eager, prinetpelly. — 

Hemorenteation. ‘the effects of honorentzin: before eon» 
aonsing and after superhentine, sinely end tegether, are 
gtodied throuthont the experiment. ll mimen vere homogo« 
nise? at 5000 pounds pressure at 149°%s, exeept in a fow ine 
stances when no pressure wes used. 

Viscosity veterminations. Visconity detersinationn at 
6O°r, wore made on several of the mixes both before and after 


guperbocting. The Meuichael viscosimeter and « No, 27 wire 
were used in all determinations, Two readings were tolen on 
eneh sample and the avemge of the teo reported. 


heating srocess. “ixes wore superheated to werious degrocs 
of “Liver,” os deterained by noticing the apparent thick 
ness of the mix to the eye and by tasting. izes super~ 

heated at temperatures of 200% 210°%., when taken into the 
mouth, were similar te a mix hich in qeletin content. 

The intensity ef the superheating treateontums ro- 
flected in the flavor of the mix, depending quite larrely oa 
the Length of tine the treatment ms sustained. 

Honerenizing. 4 60 gallon per hour Gaulin, oincle 
desired, Tomogenizing pressures were 3000 pounds per square 
inoh at a tenporature of 145°r, Inmediately efter homoge 
nivation, the mix was cooled to 40°r, aver a surface cooler 
using brine and wmter. 
night or for « period of 16 to 20 hours at 40°%, m each 
oeries the freeser we preseoled by freeing at least once 
before experimental dota were taken, 
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Det tees FF % oligo, all mixes wore otane 
tanttzod to the desired panedatage end then chested for fet 
end total solids on the lojonnier tester. 

Ereoneronh Brine Demmematuse. 4 Chery 40 quort brine 
freeser ms seed in all freesing operations. 4 special 
Centigrade themoneter, tested an@ approved by the Us 5. 
firet minute, using a Sejomnier overrun tester. 


— Saree 


Ragtorie Determinations. ‘the mmber of bucteria rer. 
oubie centineter wis doterzined in eseh series, on the rar 
@oneed nix wes G@ivided into two or more divisions for super+ 
The semphes wore taken in sterile bottles at the veowmm pan, 
after a partion of the mix eas withdrawn, ‘These hot samiles 
wore imediately cooled with water and tee and then plated. 
Im a few instanees counts were mde Before and after homore= 
nizing. The standard plate nothod me used in detersining 


Iudeine the Jee Oren. ‘he sanples vere dram from the 
ayproximted 00 per cont, After hardening they wore scored 
for flavor and body and texture, on attempt sac mde to 
conpare then with each other in order to study the intensity 
- of the cooked flavor, which usually resulted from supor~ 

Stomee of Jemphee. The samples vere judged ot an 


roos for a period of several weeks to determine if the offect 
on flaver caused by the henxt treatment would disappear in 
etorege, They were then ro-soored and eriticized, The rate 


cream te manufactured largely from milk ana mil: products 
ema it fo only noturel thet it should comtein aloumon, in 
proportion to the milk products used. 

Albumen together with casein mske up the protein of the 
milk, It te sensitive te heat, being pertlally precipitated 
when held at a temperature of L40°7, for 90 minutes. Migher 


‘a STE 


| ae 
teaperaturce and longer holding periois result in a nore | 

Xt fs colloidal in nature end os it is precipitated it 
carrie: the casein sith it. Thin flocoulont precipitate is 
of « colatinous mature gonewist similar to gelatin. 

Gelatin commonly used in tee orean mixes ao the stebi« 
lise is comwhat similar to eLvunen fn composition and prow 
mainly fron each other in tint golatin is a typlosl example 
«f % reversible colloid while albumen doce not @isplay this 
property, tut te irreversible. 

Superheating the mix or the milk peoduete of the mix, 
resulte in « thickensd more viscous prodmet, It is woll 
known that colatin a@éea to milk produste inercaces the vie» 
eosity, Therefore, if viscosity is te be taken as the index 
of etabAliaation of the water of the mix, it ie reasonable 
to expect that albumen mturmlly present in the ice cream 
nix might, when precipitated by hich temperatures take the 
place of goletin, 


A Bynes ~~~ Suan 
. Bf &t ie reneomable to oxpoct tat the higher the super 


nore albumen till be procipitated 1% ie thon lertoal to exe 


on the axwunt of albumen precipitated. Table I shows this — 
vory clearly 


TABLE I 
Ineresse in Visconity Due to Superheating 
series G 


In Table I five mixes chow a definite inerenee in vise 
eosity depending on the degree of temperature to which they 
were subjected, he four superheated mixes shown in this 
table wore all heated far the same jength of time, but at 
different temperatures with the exception ef ome mix. This 
Mix, Nos 4, was hected at 200°, for 20 minutes, theroas 
mix No, 2, 5 ant 6 vere heated for 10 miantes. 

in thin table there is shown « requier end stecdy ine 
erento at the tesperature fe ineresend, Miz lio. 1 me cane 
dexsed, but not superheated. ‘the viseosity béfore condense 
ing was 76 centipoises,  fter condensing at a temperature 
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af 120% 190°r., tho wiseosity was 155 oentipotees, on ine 
ereneo of 77 contipoines. Mix No. 2 shown an increase in 

Viscosity from 70 centipoises before coniensing to 205 after 
superheating, an inerease of 136 centipoises. The remining 
nixes in thie table Likewiee show an ineresse in viscosity 
conparsble to Hix No. 8. Tt should be renemberet, hovever, 
that all superteated mixes, were also subjected to the con~ 
Gensin: period. 

Indiontions as ehown in this teble are thet the factors 
of temperature, superhenting on lencth of the suporhecting 
period are all important os & the resulting viscosity. 
Mix Nos 4 ws heated te 200°%,, the eam as Mix Mo, 8, how 
over, Noe 4 was held et thie texperatare for « period of 
80 minuten, therena, lo, 3 wo held for oniy 10 minutes. 
Ma. 3 showed sn inereage in viscosity efter the superheating 
process of 147 contipotecn. No. ¢ ineressed in viscosity 
S22 centipoises, 

Poth mixes were the seme, therefore on the basis of 
thie trial, wo my aseribe 174 centipoises of the tnorease 
in Mee ¢ to the a@@itions} 10 minutes held, and using Mix 
Boe 3 as an index, we can assume that the vincusity inereased 
147 contipotecs during the first 10 minutes of Renting. — 

Mix Noe S inereased in viscosity trun 79 centipoises to 
465, om increase of 306 centipoises or 65 centipoises more 
than Mix No. 4, Tho heat treatment im Moy S me 210°r) for 
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20 minutes, on tnorease of 10°7,, but a deerense of ton mine 
utes in tims. er 
This lecieal sequemtial inerence in vinoosity ae shorn 
im table I is not borne out im Table TI, whieh is stow below 


bedore condensing ant expertectine, however, oll mixes in 


Series f ape comparable as crs all mixse in Series ©, insoe 
oush ag ell mixes im oneh series oro sutitrietione of one 
oricinal mix, Both series vere mado from the same kind of 
inere@iente but on different days. %6 eam locieally cosume — 
that the viscosities of all mixes in Series F were before 


; ley Wee A fy i 
nape Than 


Tm Series f, shown im Table II oll superheated sizes 
wore held at superhentiag tesperataures far a perio’ of 35 
minutes with the exeeption of Mix fo, 4 which me supers 

heated for 2S minutes, afte® eontensing iz Mo, 1 in thie 
series, shoved a viscosity of 861 contineisos ar 106 centi+ 
poises mere than the correspenting mix in Geriens ©. This 
tneronse my be aseounted for due to the fact that they vere 
not made on the som Aare , 

“Miz Noy & tm Stries F ghows the grectent fine? viscoeity 
of any six won which viseosity deterntnations were nado. 
the heat treateent tm thie mix ws 100°, for 15 nimuates, 
vherens, in Mix Mo, 3, 2% wan 200%, for 16 minutes, vhis 
ie oxetly opposite from whet micht be expected as show by 
Table E. | 

Bix No» 4 showed « Lower finch viscosity than di4 mix 
Noe Sy yot Bo, 4 was hosted at the samo temperature and for 
a Longer perio? of time, Poustbly, ap is the conse with 
gelatin, some of the gel strencth of altumen may be destroyed 
by high teueratarer an@ long heat perioda, It will be 
sotieod, however, referring to Yoble Ii, that oll ecuper~ 
hented mimes definitely tnereased in viseosity over the cone 
deonsed nite 

the influence of viscosity on whipping qualities, is 
also wohl tilustrated in Table Ii, fter 10 minutes in the 


freozer, the condensed siz in Series ¥ showed sn overrun of 
85 per cont, which is higher than the superheated nines 
with the exeeption of mix Bo» @y which had » viscosity ap~ 
proximately the gaxe as the condensed mix. the cverrun 
obtained in akx Boe 8 we also grester than for mix Ho. 5. 
The viscosity of these two ines, however, approximate exch 
other. 

In Series 6, the overrun is narkedly lover im the mixes 
having the higher visoosities. ‘The condensed mix shoved an 
overrun of OF per cont after 10 minutes, whereas the mix 
puperheated to 210°F, for 10 minutes showed only 75 per cont 
OVGETIM.s 

ag interesting study ws carried out im Sérise 1, doale 
ing with viseositien of mixes condensed aé superheated, 
and with three mizes not made in the vaouun pan, bat gade 
in the uousk manner, fm No, 1, 2 and 5 were matic in « coil 
Tote Noe 2 contained swestened condensed as ite principal 
gouree of serum aolids, Nos & plain condensed and Bo. S 
skin milk powder. No products werc superhented. Table 111 
after 10 minutes in the freezer. 


 ® Senpereture 200°, for 15 mimites. 


Mixer Ly 2 and 5 worse heated to 145°r, for 50 minutes. 

In Table IIT, the remulte show that the mix using 
sweetened condensed es its principal souree of serum solide 
had the lowest viscosity ant whipped to the highest per 
cent overrun in 10 minutes time, ‘the oomdensed mix whipped 
to approxinately the sane overrun but hea a higher viscosity 


«et 8? eantipotieon, 


The superheated mix hed the highest viseosity, 415 
okin milk powilor. 
This table shows clesrly that the heavier, nore viscous 


mixes whip more slowly than do the mixes of lower viscosity 


and ales indiestes that the superhesting of « mix inoreases 
ite vincosity over mimes made in the usual manner. 


in four of the eight series of this experiment the pon 
sibility of substituting the superheating process for pole~ 
tin we atudied, 

In Series A, B, © amd D, tho gelatin was omitted trom 
tuo mixes of each series, 4 ond 8 differ from ¢ and D in 
that the butter fat which they contained was derived from 
tested .79 per cant acid before neutralization to .% por 
© and 0, 


. Bibeee Dertet ete Pat from Une} te tter. Table 
2¥ shows the etudy made on Series 4 and B, In this table 

ore a total of 10 mixes, four superheated at 205%, for 10 
minutes and four superheated at 210°r, for 20 minutes, the 
two remaining mixes ave the check mixes or the comiensed 

pressures were aleo omitted in four eases. 


beh af 
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preseure showed on overrun of 161 per cont after 10 minutes 
in the freezer, Seat to it, cam mix GA containing no cole~ 
ogompered to the unsuperhe:ted mixens 

She domiensed mix whipped to 90 per cant after 10 min+ 
utes ond to a final overrun of 06 por cont at 11 minutos, 
The final overrun on the two superheated mixes containing 
gelatin ms 92 ond 01 por cent, respectively, after 12 mine 
utes in the freozer. 


a6 

the overrun obtained in series 3 we relatively lover, 
whipped nore slowly then the other mixes, At 10 minutes 
time SB containing no gelatin had whipped to an overrun of 
08 por cent, four per cent higher than mix £5, which me 
homogenized with no gelatin at S000 pounds pressure. ‘he 
overrun at cleven minutely however, was slightly creater in 
mix 2%. 

Xt io quite evident from Table IV that superheated mixes 
heated mixes containing no gelatin eappeare to ald in obtaine 
ing maximum over?utts 

lines periving Their Fos from Sweet crosme 


$ Timo ¢ Maxim: of 


et a tenparature of 145°F, 

the brine temperature used in freezing tho mixes in 
Zable VY ms 0°. The mimee reached their maximm overrun 
relatively foster then mixes frozen in other tables. 

in both series C and D the mix containing no gelatin — 
frome more quickly to a higher overrun than did those con- 
taining golatin. However, the superheated mix containing 
the condensed mix, 

From the reoults shown in Table V apparently, heat trost~ 
neat of the sugar results in faster whipping. From s¢ and 
Sc, the aiperheating of the mix with sugar, resulted in a 
faster whippiny mix than in the condensed sample. This indie 
eates that superheating with tho sugar in the mix aide in ob- 
taining overrun, Cther factors, however, may be affected to 
the extent where this would not be advisable. 

It 4e plain, from thie study that superheated sweet 


fea] 
teining gobotin. | 


nenton sabe Son sniie eabaiiatiaiatiatit im Table Vi, 
which in presented below, ere given the reaults of freening 
mises hoving the milk produste superheated as compared with 
tieee nixos, having different principe) sources of serm 
solids and made in @ e083 vat in the uous manner, ALL 
pressure. 

TABLE VI 
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© gusetaned condensed wae the petnstgal source of secun 


@olid in thie mix, 

** Powdered skim milk we utilised as the principal 
source of sorus solid in this nix | 

*** Piain condensed skim milk was the principal scurce of 


gorum solide used in thie mix. 

in series = the confiensed mix whipped to o higher final 
overrun then ony other mix, however, it took one mimte longer 
After 10 minutes in the freemer, however, there was very 
Little difference between the tuo, 15 had an overrun of 
04 per cent, whereas Si showed an overrun of 95 per cont. 

®ith the exception of the mix 6A, which contained plain 
condensed as ite source of serum solids, the superheated mix 
whipped more slowly up to 10 minutes, ‘the final overrun 
showed it to be next to the condensed mix. 

In time of whipping, it must be noted thet SE reached 
95 per cont overrun in 10 minutes, while all other mixes in 
this series required 11 or 12 minutes. There is vory little 
aifference in overrun obtained in this series. 

Series 7 allows « study of five mixes which were pro~ 
sented in the viscosity studies. After 10 minutes in the 
froozer, the mix heated to 800° « 25 mimites, showed on 
overrun of 89 por cent. Next in per cemt overrun ot 10 min« 
utes is the condensed mix, In mix 4i', the severity of the 
heat treatment me grestest of any mix. It appears that the 
high temperatures of suserheating ower a period of 25 mine 
utes does definitely cause the mix thus heated to lose sons 
of the gel strength which other mixes superheated at lover 


tenperaturen and for a shorter period, exhibit. 

Following the confiense’ mix in cerles Y, according to 
overrun obtained at 10 minutes, io mix 8%, SY and SF in 
oréer, This ie the ext order im which the severity of the 

the maximum overrun in Series Y had o total veriance of 
 @uhy three per cent from « low of 04 per cent to « hich of 
0? per cent. ‘the 04 per cont mix wos dram at the ont of 
11 @imutes, while the mix having 97 per cont overrun me 
Gramm at the end of 13 minater. Therefore we might expect 
the 04 por cont mix to be equal or superior to the other 
mixes, in this series, in overrun incorporation. 

Ritect of Supemanting a4 Catenion of Ochatin on Cane 

the prodlen attenpted in this phase of the experiment 
was the substitution of ouperheating temperatures in place 
of gelatin, It hae boon proved, thet in quitting colatin 
from an foe oreea mix, « coaree, ereiny bodied ice cream in« 
Voriably results, Sy inorensing the solide content above 
40 per cont this condition may be partialiy evolded. 

The theory employed throuchout thie pert of the work 
was the possibility of the precipitated elinmen exhibiting 
Gel formation equal to the solatin normally used in ico 
orean mixes. 


im Table VIl, tose eve presented some resulte of 


cxiniug SUneuDEny _avotag~ Rompe witinam 


There are 20 mixes chown in Tete Vil, ‘wo sories are 
represented. it drould be rorembere’ thot <l1 mixce cone 
telnet sugar before sugerhesting. “im Nes 14 and 15 ace the 
condensed mimes and serve s@ the checks. in conmestion with 
gomdeneing, we notieed a slicht metallic fisver in the ice 
oreo made from several of the condensed mixes. it seams 
locteal that mixes cating in contact with capper, so in the 


S32 
condeneing operetion, nicht ebsord a metallic flavor. it is 
notioed by the judges. : 

In both series 4 and 5, the superheated semples com 
yolk uimes, ‘There was practically no difference in body 
and texture in either series, even though serier 4 ms 
heated to 205°, for 10 mimrtes and series B ens heated to 
mo°r. for 20 minutes. me 

tn flever, however, there ws a distinet difference be- 
tween the two series. Geries 5 hex ted to a higher tempera 
ture ond for e longer period off tine, resalte’ in ice cresm 
that had a very dictinet seramelisced flavor. ‘This flevor 
was very pronounced. In series 4 the superhested samples all 
in series 5, 
wee coarse in body ani texture efter freecing. ‘the same ms 


3S 
homopenissation. 
Im work show in Table VIII, euperheated mixes were 
the main souree of serum solids are aleo presented, 


TABLE VIE 
ie Visin Conteneed ilk ian on the guality of 
the Iee Crean 


superhested ix in that series. In flavor it ie dietinotiy 
eouked. I¢ showed a very omooth body, 11 mixes contained 
Qelatin except Su, Gi and Gi, Im ench cage the too cream 
from theee mizes was coarse ani grainy. It appears imppob« 
able that the auperheating process will take the place of 
gtlating a6 oll three of these mines were superheated. 
perhaps due to contact with the copper condenser and colle. 
if thie flavor was prosent in the superhected mixes, it could 
not be detected. The cooked flavor due ‘to superhosting may 
cover 4% up, ac the netellio Clever was only slishtly 
noticeable. 

in this table as in Sette vrre %2 OF the euperhented 
mimes exhibited good, amoth bodies and texture when frozen, 
provided they contained celetin. 
Wie 48 had skin milk powder es ite principal source of 


mers, i 


serun solide. The body and texture of this ice cream tas 
@ietinotly sendy. It ms fvosen tm the sume mamer and ct 
the come tine as the other sumples in series =, hovever, it 
freosings } s 


gondensing, after contensing at efter ouperheating. In 
after homogenizing and on single ingredients of the nix. 
the study presented herein, however, deals with the count 
im the rew mix or check mix, which ie the condensed mix and 
finally the superhested mix, It is trye that the bacterial 
count in the mix at the freezer eoulé be consideratily higher 
tien the figures shown here, depending on the santtery con- 
dition of the homogenizer and coolers 

Tablet shows the per cont of bacteria destroyed in 
nine different mixes. 


R ¢  @86,000 + ‘ + 06.56 
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4 00 + Ot & 2606 
6 t 8 ? t+ 0.52 
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The per cent of beoteria per cuble centimeter variod 
from o low of 96.85 per cant to a high of 90,00 per cont. 
period veried quite widely, depending on the temperatures 
and length of tine of condensing. then the temperatures 
woe relatively hich for condensing eo 155°7, « 140°F, the 
bacterial destruction was high but when condensing tempere~ 
turen were low the bacterial destruction wes around 50 per 
cent and in one coee the count ws practically doubled after 
condensing. ‘Thie cen be accounted for in that the vaounn 
pan we not funetioning properly ond condensing tenperstures 
were as low as 110°r, » 120°, 

Superheating the eomples killed practieally all of the 
bacterin, counts being as low as 800 beeteria per cubic 
eentineter and the highest beiny 10,000, ith the expoption 


of the mix just mentioned showine « count of 10,000, the 
highest eount to be found empng the other eisht mixes was 
4,000, . 
Certainly it is true that the superhesting process 
be maid of condensing. Peterson and freey (10) showed that 
condensing © uix ecoamplishes the purpose of pasteurization. 
Untoubtedly this is true, dejending, however, that condensing 
length of tine require? for condensing would very mterially 
Temperaturea of 200°. for 10 minuten reduced the nue 
ber of tacterta to the point where experiments! error in 
plating might affect the count very matericlly. 


DISCsSTON OF THE RESULTS 


‘the time and temperntere of surerheating the nix deter 
the entire nix wes superhected at tenpersturer of 200°°, © 
210°, for a period of 10 « 20 minutes, a distinct cara- 
Tf only the milk product ingredients were euperheated ond 
the suger and gelatin added after superhenting, « cooked 
flavor we present in the finished ies cream, Yhe intenelty 


ef this Maver depenéed om the supethecting process. 

cemphes of ico orwan frown fron nixee enperhected at 
190%, for JO nimutes eave @ @hightly cooked flavor, thile 
at higher tenperetures 2 wae more pronounced. 

Tracy (13) reported in 102% thet ndams syporhented to 
108°r, « 190%, for « period of § + 15 minutes resulted tn 
viecous mimes whieh whipoed more readily to the desired over~ 
yun then G14 mimes thet were not superheated, In addition 
he stuted thet the hogy and texture of the tee crecs made 
from thease superheated nizme was superior te thet msde fron 

This ig borne out in the wrk done in thie experinat, 
except for the fact that os « rule the superhected mine 
«G4 net ohip fuater then the unmmperheated ones, ve fount 
‘thet there wae Little difvereneé in whipping qualities com 
paring the to types of nixes, As the heat treatment beoene 
howl. , 

the body and texture of the lee ereaa fron these auper= 
heated nimas had « “velvety” sooothness that in preotionlly 
all canes vas superior to the tee cream made from the un~ 
superheated mixee, wien gelatin wes used. 

Bavly in this wrk, wo attempted to omit geletin, think 
ing thet pertaps the precipitation of the colloidal albunem, 
oarrying with it the cascin, would serve as the stebiliser 


im the mim. 

lee orecn made from euperhented mixes, without gelatin, 
showed in all cases a roughy grainy boty, notiosable to neny 
conauere. One party who hed no training in ice cream 
grainy. ‘These two samples wore the only ones thet did not 

It appears then, that the guperhesting process as 
carried out in this experinent will not satisfactorily sorve 
es the stabiliser of the mix. It dos aid moterially, hov- 
ever, in otabilicing the mix. 

Homogeninine the euperhested mixes containing no cele 
ating improved the body and texture of the ice oream frozen 
from then, ‘hey ware not, however, a6 smooth in body and 
texture as ice erdom frozen from « mix mede in the ueuel 
@ue to the superheating process in practically every case 
me grester than in ordinary pasteurization. «nm iee cream 
neter is considered to have been handled under mood, seni« 
tary conditions. In all the bacterin determinations mace in 
this study, 11,000 baoteria per cubic centineter wae the 
highest count ofter superheating, even thouch the count om 
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oubic centineter. 


i. the vacuum pon offers a satisfactory ant economical 
method of making toe cream miwes, when operated by an ex 

2, Superheating the entire mix at « temperature of 190° 
Pe for period of ten minutes or at « higher tonpersture 
or for « Longer period is deleterious to the flavor of the 

S. Superheating « mix tenting 18 por cent fot, 10 per 
gent milk solids not fat end 16 per cent auger, will not 
entiofactorily etebilive the nix, Oolatin cannot be replaced 
by the hent trentaont. 

4. \Lthough superheated minon ave more viscoun than une~ 
euperhestod mimes, the Length of time necessary to freene 
is increased only slichtly. 

S, The body ond texture of lee erean made from supere 
heste? nixes containing celetin ie equal te ar in neany cases 
superior to ice croom manufsetured from ordinary mizes. ‘The 
flavor soore is lowered, however, in every oase. 

Se Sueterial destruction, due to guperhesting ie very 
efficient. In many cases counts of only 800 to 400 bacteria 
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